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Uses and Methods for treating Ischemia 

The present invention relates to uses of granulocyte colony stimulating factor (G- 
CSF) or fragment thereof for the preparation of a phamiaceutlcal connpoeitlon for 
treating organ dysfunction caused fcyy Ischemia, whereby the pharmaceutical 
composition Is to be administered to a patient wlio is subjected to a surgical or 
Interventional procedure In order to improve organ function, function, to improve 
blood flow and^or to induce revascularization. 

Furttiemioret the present Invention relates to metiiods of treating organ dysfunction 
caused l>y Ischemia comprising administering a therapeutically effective amount of 
G-GSF or fragment thereof to a patient who is subjected to a surgical or 
ihten^enflonal procedure In order to improve organ functioHi function, to improve 
blood flow and/or to induce revasculteation. 



Cardiovascular disease is the number one cause of mortality in Westem countries 
and claims appro}dmateIy 1 million lives each year in tt)e United States. The majority 
of cardiovascular deattis are due to coronary artery disease (CAD). CAD is a 
progressive disease that results in a spectnim of dlnlcal manifestations, ranging from 
asymptomatic attierosderosis and stable angina to ttie acute coronary syndromes . 
0.e., unsbble angina, myocardial infarction (IMI), and sudden Ischemic deatti). The 
treatment of chc^ for acute ST segment elevation W\ Is either tiiremboiysls or 
primary coronary inten/ention (PCO when oofonary catheterization is Immediately 
accessible. These revascularization strategies are well established In treatment of 
. acute Ml viAien treatment Is Initiated very early after onset of inf^on (usuai^ wittiln 
6 hours). The mortaRly benefit of thrombolytic tfierapy for acute Ml is strongly 
dependent on time to treatment (Cannon (12000) Jama. 283:2941*2947). Primary PCI 
is an acceptable alt|mative to thrombolytic therapy in patients witii acute Ml and may 
result In superior outcomes In selected patient populations, especially the elderly, 
patients witfi prior coronary artery l^ass surgery, fliose witti congestive heart 
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feJIure. and those in eaidlogenlc shodc Cllni(»l trials support the use of primary PCI 
as first-line therapy for acute Ml. Patients In whom thronrAoiytle therapy is 
contraindlcated or known to have reduced efficacy are also excellent candidates for 
tills therapy (Oegears ^001) JUn Heart J. 141:15-24). The use of coronary stents 
and glycoprotein llh/llla antagonists resulted In oomplementaiy long^erm clinical 
benefits in terms of decreased morbidity and Incidence of death or myocardial 
infarction (Uncoff (1999) N Ensfi J Med 341:319-327). Earty admlnlstratton of 
glycoprotein llb/llla antagonists in patients wRh acute myocardial infarct improves 
coronary patency before stenting, the success riate of th^ stenting procedure, the 
rate of coronary patency at six months, left ventricular function, and clinical outcomes 
(Montalescot (2001) N BiglJMed 344:1895-1903). 

However, the treatment of psHents who are adnitted at a later sts^ to the hospital is 
still controverslai, since thrombolysis f^1ed to improve mortality and mortaldily in 
these patients. Recent observations suggest that time to treatment may be less 
important with primary percutaneous transluminal coronary angloplasiy (PTCA), but 
re-Infarction and Infarct artery re^odusion at 6 months were shown to be more 
ft^uem with later reperfusioa using PTCA (>6 hours) (Brodle. (2001) Am J CanSoU 
88:1085-1090). Lata coronary stenting of the Interct-rslated artery in patients wRh 
acute myocardial infarction te a safe and effective late reperfusion ttierapy and may 
be beneficial to the patlente (Hsieh (1998) Am Heart J. 136:606-612). Since patients 
who are admitted to the emergency room very late after onset of acute l\^l are 
threatened mainly by left ventricular remodeling that leads to sudden cardiac death 
or progressive heart failure, these patients may benefit from therapeutic strategies 
focussing on supporting myocardial function via Improved neoangiogenesls and/or 
tissue regeneration. Although neoangiogenesls within the Infarcted tissue Is an 
Integral component of the remodeling process, ^e caplllaiy networi< is unable to 
support the greater demands of ttie hypertrophled myocardium, resulting In 
progressive loss of Arable tissue, infarct extension and fibrous replacement Bone 
marrow from adult humans contains stem cells and precursor cells with phenotypic 
and functional characteristics of embryonic hemangloblasts, and these can be used 
to direct^ Induce new blood vessel tormation In the infarct-bed (vasculogenesis) and 
proliferation of preexisting vasculature (angiogenesls) after experimental myocardial 
infarction. ^ 

The neoangl(^enesls was shown to decrease apoptosle of hypertrophled myocytes 
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fn the perMiTfarct re0on, tonchterm salvage and survi\ol of \flable myocarcRum, 
reduction In coOagen tfepo^on and sustained Improvement 'm cardiac function in a 
mouse model of myocardial infarction (Kbcher (2001) Nat Med. 7:430^}. Direct 
Injection of Irane marvow ceOs In a porcine mode) of myocardial Infarction resulted In 
inqjrovement of myocardial function via induction of myogenesis and angiogen^s 
(Tomita (2002) J TTiorac Catdlwasc 5i//s;i23:1132.l 140). Early uncontrolled human 
clinical studies investigating the effect of autologous bone manow stem cell 
transplantation Into the acutely ^faided heart were shown to be safe and 
demonstrated some improvement of regional venM;ular function (Strauer (2002) 
Cbculatfon. 106:1913-1918: Assmus (2002) Orculallon. 108:3009-3017: Stamm 
(2003) iancelL 361:45-46). 

Another option of stem cell therapy is the endogenous mobill2atton of stem cells via 
cytokines such as Q-CSF or GM-CSF. The myeloid growth factors granulocyte- 
cotony stimulating factor (Q-CSF) and ^uloi^macrophage-colony stimulating 
factor (GM-CSF) have been shown to stimutato production of neutrophils in various 
dMcal settings. 

In (»ncer patterns undei^oing intensive cytotoxic chemotherapy, G-CSF stimulation 
of granulopoleste tmnsiated into decreased Incidence of neutropenla-associated 
fever and less infecOon in patlento with a likelihood of developing granulocytopenia 
(Oempke (2000) Antkancer /7e&20:S155-5164). G-CSF has also been studied in 
paSents with AIDS, congertital and cydlc neutropenia, myelodysplastk; syndromes, 
and aplastie anemia: it Increases the neutrophils count in many patients with these 
disorders (Anderlini (1997) Blood. 90:903-908). In neutropenic patients, G-CSF often 
increases the neutrophils count enough to decrease the frequency and severity of 
infection. G-CSF has been well tolerated, with no apparent dose-limitmg toxicity 
(PetKIa, (2000), Crit Care Med. 28: 3620-3625). Administration in nomial subjects, 
an increase In absolute neutrophil count by 6- to 8-fold and a CD34«- cell rount more 
than 30-told at the highest doses tested (10 /fg/kg/d) were observed for at least 1 
week. Mobilization of stem cells is thought to be restricted to the myeloid lineage, 
though In other species other stem cell populations were characterized (Falanga 
(1999) Bhod. 935606-2614; Natorl (2002) Blochem Blophys Res Commun. 
297:1058-1081; Gehfing (2000) Blood. 95:3108-3112; Yang (1998) Blood 92:4832- 
4640). Characterization of released stem cells sfter G-CSF treatment in humans 
suffering from i^emic syndromes are not known. 
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Recently, repair of Infarcted myocardial tissue was demonstrated resulting In 
improved ventricular function and survival In mice after bone marrow ceD niot)ilIzBtIon 
induced by granulocylBK»lony stimulaMng factor (G^l=) and stem ceU factor (SCF), 
when both cytokines were administered b^ore establishment of infarction (Orilc 
(2001) Proem Acad Sci U $A. 98:10344-10349). A Similar administration protocol 
of G-CSF was used in a baboon model showing ventricular function was not 
improved when gh/en prior to experimental infarction (Noibi (2003) Blood 28:28). G- 
CSF was used iri a rat model to treat cerebral Ischemia and resulted In a decrease of 
mortality as well as reduction of cerebral Infarct area (Six (2003) Eur J Phamacol. 
458:327-328). 

Nons»rdIac adverse events during Q-CSF treatment are usually not serious (van 
Der Auwera (2001) Am. J. HematoL 66:245-251). In most dlnicai trials observed 
adverse effects contain discrete to moderate (10%), in some cases severe (3%) 
bone and musde pain which can usualiy be treated using standard analgesics. IMorB 
common transient elevation of serum urea. U5H, alkaline phosphatase or Ih/er 
function tests occur. In rare cases lowered blood pressure Is obsenfsd 
(Fachinfbnnatlon Neupogen. 2002 AMGEI^. Since patients suffering fn>m ischemic 
syndromes such as myocardial infardton are mainly threatened by occlusion of the 
infarct vessel by tiirombus fbrmatlon onto mptured atheromatous plaques, m^'or 
concerns against administiation of Q-CSF In those populations Include impairment of 
arterial flow caused by high amounts of leui<ocytes dnd neutrophil activation resulting 
m acceleration of repeifusion injuiy (Kflgore (2000) Am Mean J. 139:32-34). 
Increased expression of neutrophil and monocyte adhesion molecules may 
contribute to their adhesion to endothelium In the Ischemic temtory. lUs adhesion 
could feasibly precipitate vasoconstriction or add a local thrombotic effect due to 
tissue factor expression secondary to Mao-1 engagement in addition, interaction of 
leukocytes with monocytes expressing iCAM-1 suggests that leukocytes may forni 
mtoroaggregates that could cause microvascular plugging. This mechanism may 
facPitate the occurrence of the "no-reflow" phenomenon or slow coronary filling after 
acute myocardial Infarction (IVIelsei (1998) J Am Coll Cardiol 31:120-125). However, 
a dlnlcal trial Investigating patients suffering from stable CAD with chest pain was 
launched July, 2002. However, patients with acute ischemic syndromes such as 
myocanlial Infarotion or unstable angina are excluded from this trial (protocol NHIBI 
02.H-0264). 
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(n addition, ischemic dysfunction of other organs, such as brain, peripheiai 
exiremittes, liver, kidney, retina, or cord are m^or causes of either moibidify 
and mortality In humans. Cerebro^vascular diseases (CVD). In particular, cause 
approximately 200.000 deaths in the United States each year as wen as 
considerable neurological disability. Ischemia and InfaicHon constitute 85 to 90 
percent of CVD. while 10 to 15 percent are Intercranial hemorrhages. Though 
established therapies of prevention such as surgical or angioplasty can reduce 
moibidliy and morlalify, treatment of acute ischemic brain Injury is still unsatisfying 
and prognosis worsens with the extent of infarction (E^ston (1998) in Harrison's 
principles of internal medicine p232S-2347). Stem cell mobilization might be an 
alternative approach by using G-CSF resutted in reduction of brain Infarct volume in 
mice and might have a therapeutic potential (Six (2003) Eur. J. Phannacol. 458: 327- 
328). 

As in patients with athero^rosls of the coronary and cerebral >^culature, 
peripheral occlusive arterial disease (PAD) is seen most frequently in the 6*^ and 7^ 
decades of life. Severe presentation of PAD is critical limb Ischemia which Is 
characterized persistent ischemic pain at rest Prognosis of those patients is poor, 
Since the 5 year mortallly is up to 60%, and most patients die from myocardial 
infarction or sudden death (Wolfe (1997) Eur. J. Vase. Endovasc. Surg. 13: 578- 
582). Administration of endothelial progenitor cells (EPC) was shown to have 
potential of improving limb perfusion in animal models of ischemia CTaiohashi (1999) 
Nat ii/led. 5:434-438). 

Acute renal failure Is a syndrome characterized by rapid decline of renal funcHon and 
complicates approximately 5 percent of hospital admissions and up to 30 percent of 
hospital admissions. Acute Ischemia of renal tissue, is one of the major causes of 
intrinsic acute renal failure and is associated with mjy'or In-hospltal morbidity and 
mortality (Brady (1998) In The Kidney 5* ed. Saundei^ p1200-52). Until now, in most 
cases cunent therapy approaches are limited to supportive strategies with a 
significant risic of pemianent loss of organ function. Spinal cond injury, caused either 
by ischemia or trauma often results in permanent disability and therapeutic options 
are flmlted. Retinal Ischemia either caused by thrombotic or embolic occlusion of 
retinal artery or tfiro^nbosls of retinal vein usually results In severe Impalnnent of 
visual function of patients. 
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Moreover, there Is so for no effective treatnient of defects caused Ischeinic 
disease in particular for tlie myocaidlcum or brain. AnoHter diawbadc In the art is that 
the costs for sudi a treatment, whh^ can even be a heart transplantation In the case 
of patients vHSei severe bchemic organ damage (e.g. Ischemic heart fttllure after an 
heart attadO, are enonrnus and present a severe strain on the health ^rstem In 
Western countries. Treatment of brain ischemia or infarction Is at present canled out 
predom&ittmtly symptomatlcally. Jhereibre. a treattnent leading to a better healing of 
tissue affected by, e/g., an infarct, trauma or stroke would be of great dinicai benefit. 

In view of-ttie above^escribed drawbacks and ttie inefficaQr of ttie currentiy applied 
methods for treating Ischemia respect to ttie resulting organ defects, tiiere is a 
need for an effective means and mettiods to provide effective treatment of organ 
dysfunction caused byiischemic disease. In partiojlar, there is a need for economical 
and^or clinieai efficient methods f6r tiie trsatment of ischemia. 

Thus, ttie tsdinical problem of the present invention is to comply wtth the needs 
described above. The solution to tills technical problem Is achieved by providing tiie 
embodiments characterized in the claims. 

Accordingly, in one aspect ttie present Invention relates to the use of G-CSF or 
fragment tiiereof for the preparation of a pharmaceutical composition for ttie 
treatment of organ dysfunction caused by ischemia, whereby the phannaceuUcai 
composition is to be administered to a patient who is subjected to a surgical or 
Inten^entional procedure in order to improve organ function, to improve blood flow 
and to Induce revascularization. 

The present Invention is based on the surprising finding ttiat organ function 
signiflcantiy improves, when G-CSF or fragment tiiereof Is administered to a patient 
suffering from organ dysfunction caused by ischemia and who is subjected to a 
surgical or Intewentional procedure to improve organ function, to Improve blood flow 
and/br to Induce revasculai^tlon which is demonstrated (n tiie appended Dimples. 
This finding was obtained from a phase I patient study which is also inustrated in ttie 
appended Examples and Figures infra. 

In tills application a Phase I, randomized, open-label efficacy and safety study 
compared tiie effects of peripheral blood stem cells (PBSC) Induced fay Q-CSF on 
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tfie Improventent in various cardiac fun^n parameters In Ischemic heart lialiure 
patients undergoing delayed percutaneously coronary intenrandon (PCI) for ST 
segment Ovation myocardial inferction (STEM!). The primary objective of this study 
was to compare between a treatment of G-CSF over, for example. 5 days, first 
administered, for example, 24 hours after successful PCI. versus Placebo s.c. in 
terms of myocardial thickness, r^onal myocardial function and gldb^ cardiac 
function from baseline over 3 monttis of .follow4jp. Analysis of canliac function 
consisted of evaluation of end<iiasfolie myocardial thteimeas, segmental ^stoiic wall 
thickening, end-<flastolic volume, end^systoilc volume, stroto volume, ejection 
fraction and carcflac ou^ut by means of magnetic resonance imaging (MR!) and 
transthoracto echocardlcqraphy. The extent (rf non-viable myocanjium was assessed 
u^ contrast enhanced MRI. Secondary objectives of this study were the 
detennlnalion of the occurrence of rf^for adverse cardiac events (death, myocardial 
inforcdon, coronary bypass grafting, or re-inten/entfon), to evaluate the safety of G- 
CSF treatment In patients suffering from STEMI. 

Untfl now, 18 patients are included in the study, 6 of Ihem are randomized to receive 
elttier G-CSF or placebo. Of initiai non-randomized patients (ns4), C0344 cells 
increased from 3±1///L (baseline) to 60±49//rL at day 5 (p<0.001). No major adverse 
events were obsen^d bi ail treated patients. Besides a signifteant increase in 
hematopoetic stem cells (CD 34+). R was surprisingly found tfiat other stem cell 
populations. sUch as endothelial progenitor cells (EPC). multlpotent adult progenitor 
c^ls (MAPC), side population (SP) cells, and o4dt+ lineage-negative ceils are 
increased in the peripheral blood. Analyses of MR data of 8 patients who completed 
the foilowMip demonstrate that ventricular volumes and global ventricular function 
remain unchanged In botii placebo and G-CSF treated patients from baseline to 3 
months. The number of improved myocardial segments of fiie infarct region 
incre£^d from 1±1 (placebo) to 2.8±0.9 (G-CSF) at 3 montiis (p=K).085). Regional 
ventricular tiiickening of the main in^rct segment increased signlficantiy from 
0.33d).47 mm (placebo) to 3.3i0.64 mm (G-CSF) at 3 montiis (p=0.019). In 
conclusion, G-CSF resulted in significant mobilization of hematopoetic and other 
stem cell populations tiiat were shown to have a regenerative potential on the heart 
which is demonstrated in tiie appended Examples, Infra. The treatment with G-CSF 
was safe in STEIVII patiente undergoing PCI. and regional left ventilcular function 
was significantiy Improved in Vie long tenn. 
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Thus, the above described study shows that Q<^F has the potential of supporting 
myocardial regeneration of infareted tissue after late revascularisation when 
administersd to a patient suffering from organ dysfuncGon caused 1^ techem&u 
In addition, as Is shown in the a^^ded Bamples, animal experiment bi mice 
(nsi4) wees perfomied to test sun^al after experimentally Induced myoMrdial 
Infarction. Four mice received G-CSF via tfie bitraperitoneal route after myocardial 
infarction. Control animals (n=slO) were sham operated. Strildngly. it was ob^rwed 
that due to this measure mortality in mice tteated wi0i G^SF was reduced after 
myocardial inf^on. In parOculari sunnval of mice was significantly improved after 
administrafion of CrOSF (100% sunrlvai vs. 60% 6un4vai In sham operated mice). 

Accordingly, the present Invention provides for ttie fbst time a means and methods 
fbr the treatment of organ dysfunction caused by isdiemia with GrCSF or fre^ents 
thereof which reduces non viable organ tissue and Is suitable for the combined 
application with common surgical and inteiventional measures. 
Hematopoietic progenitor cell producHon b regulated by combinations of cytokines, 
the so called hematopoietic growth factors. Gr»iulo(^e precursor cells give rise to 
neutrophil granulocyte whidi is mainly promoted by G-CSF. Fuithennore. 
hematopoietic growth Actors orchestrate the body response to infection and other 
stresses. In response to bacteria G-CSF. Inter alia, is produced and secreted Into the 
circulation. It Is well l^nown that G-CSF is a ^e of growth foctors ttiat stimulates^ 
Inter alia, tiie bone marrow to make tiie different types of blood cells. G-SCF Is also 
known to attract and^or mobilize stem cells from, e.g., tiie bone marrow or other 
places wttiiin ttie body on which said stem cells may reside. G-CSF has a molecular 
weight of approximately 19 kDa and probably fonns a dimer. It is a member of tiie 
fourot-heiical cytokine family, and its receptor contains preferably tiie WSXWS motif. 

The tenn "G-CSP (granulocyte colony stimulating factor) as used hersin relates to a 
G-CSF polypeptide/polypeptides which is/are well known in tiie art e.g., as G-CSF; 
trade name: Neupogen® (Filgrastim, rommerclaily available from Amgen) or 
Granocyte® (L nograstim. commercially available from Chugai Phamia). The amino 
add sequence of G^-dSF is described, e.g.. in Nagata (1986) Nature 319:415-418. it 
is known ttiat G-CSF has 174 amino acid lesidues, however, variants tiiereof are 
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known and are also encompassed by the term 'G-CSP as described into. Fbr 
example, a G-CSF polypeptide having an additional mettilonine resicftje at its N- 
terminus is icnown. The funcfion of G-CSF can be tested by methods known in the ait 
whidi are described herein. 

Said tenn also ericompasses G-CSF polypeptides from preparations vi«li known in 
the art, either torn natural sources or prsfer^ly produced by recombinant means. 
Mulb'ple fomis of natural or recombinant human; mouse or rat G-CSF are known bi 
the art It envisaged that the G-CSF or fragment ttiereof used In flie context of the 
present Inventton Is of pharmaceutic grade suitable for administration to patients as 
described infiia. 

Said term also encompasses G-CSF polypeptides comprising an amino add 
sequence at least 70%, 80%, 90%, 95%, 97% or 99% identical to the GCSF 
polypeptide which is knovm in the art and has preferably G-CSF activity as described 
supra. 

The person skilled in the art is readily in a position to detemilne the sequence 
iden% of a polypeptide of the G-CSF polypeptkle. For example. BLAST2.0. whi(^ 
stands for Basic Local Alignment Search Tool fAltschul. Nucl. Acids Res. 25 (1997), 
3389-3402: Altschul. Mol. Evol. 36 (1993). 290-300; Altschul. J. IVtoi. BioL 215 
(1990), 403-410), can be used to search for local sequence alignments. BLAST 
produces alignments of both nucleotide and amino acid sequences to determine 
sequence similarity. Because of the local nature of the alignments. BI^ST is 
especially useful in detemnining exact matches or in identifying similar sequences. 
The fundamental unit of BLAST algorithm output is the High-scoring Segment Psdr 
(i-lSP). An HSP consists of two sequence fragments of arbitrery but equal lengths 
whose alignment is locally maximal and for which the alignment score meets or 
exceeds a threshold or cutoff score set by ttie user The BLAST approach is to look 
for HSPs between a queiy sequence and a database sequence, to evaluate the 
statistical significance of any matches found, and to report only those matches which 
satisfy the user-selected threshold of significance. The parameter E establishes the 
statistically significant threshold for reporting database sequence matches. E is 
interpreted as the upper bound of the expected frequency of chance occurrence of 
an HSP (or set of ^iSPs) within the context of the entire database search. Any 
database sequence whose match satisfies E is reported in the program output 
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Analogous computer techniques using BLAST (Aitschui (1997). loo. ciL; Altschui 
(1993), loa cSL\ (1990), ioc. cit) ana used to search for Identical or related 
molecules In nucleotide databases such as GenBank or EMBL This analysis ts 
much faster than m^ddple membrane-based t^rldizatlons. In addition, the sensltl\% 
of the computer search can be modified to determine whether any particular match Is 
categori2Bd as exact or simHar. The basts of the search is the produt^ score which is 
defined as: *. 
%seauenceldentilv x % maximum BLAST score 
100 

and it takes into account both the degree of similarily between two sequences and 
the length of the sequence mateh. For example, wHh a product score of 40, the 
match will be exact within a 1-2% enor; and at 70, the match will be exacL Similar 
molecules are usually kfentifled by seieciing those which show product scores 
between 1 5 and 40, although tower scores may Mentify related molecules. 
Ye^ G-CSF polypeptMes of the present invention also enoompffis variants thereof 
as is described Infra. 

The b^ sinichire of polypeplides and the recombinant or synthetic production as wall 
as iscdaHon methods of polypeptides are ymfl known and have been descrbed in 
Innumberable tesdbooks and other publications in the art in this context, the term 
polypefMde is used herein to refer to any peptkle or protein comprising two or more 
amino add Joined to each other In a linear chain peptide bonds. As used herein, the 
term rsfers to botfi short chaihs, which also onnmonfy are lefened to in the art as 
p^tides, oKgopeptides and oPtgomsrs, for example, and to longer chains, which 
generally are referred to in the art as proteins, of which there are may types, it vi^ be 
appreciated that poiypepfldes often contsu'n amino acids other than the 20 amino acids 
common^ refened to as 0ie 20 naturally occurring amino acids, and that many amino 
adds. Induding the temilnal amino acids, may be modified in a given polypeptide, either 
by natural processes, sudi as processing and other post-translational mocGfications, but 
also by diemlcal modiRcation techniques whtdi are well known to the art Even the 
common modification that occur naturally In poIwiepHdes are too numerous to list 
exhaustively here, but they are well described in basic texts and in more detailed 
monographs, as well^as in a volumtnoi^ research Rterature, and th^ are weD known to 
thoseofsklDinth art 
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Among the known modifications which may be present in G*CSF polypeptides for 
use in the present Invention are. to name an lllustiative few. acelylatloin, ac^iatlon. 
AOP-rfbosylatton, amidatlon. covalent attachment of flavin, oovalent attachment of a 
heme moiety, covalent attachment of a nucleotide or nucleotide derivative, covalent 
attachment of a lipid or lipid derivative, covalent, attachment of phosphotldyiinositol, 
cross^nnking. cydization, dieulflde bond fOnnatk>n, demethylation, fbnnation of 
covalent cross-linldngs, formatton of cystine. fonnaHon df pyrogiutamate, formyiatton, 
gamma-caiboxylalton, gtycosylation, GPi anchor fomwrtlon, hydroxylatlon, lodlnatibn, 
methylation, myristoyiation. oxidation, proteolytic processing, phosphoryfatlon, 
prenylation, racemization. selenoytatlon. sulfuiylatlon. transfer-RNA mediated 
addition of amino adds to proteins such as arglnylatkm, and ublquHfnatton. 
Such modlRcations are well known to those of skfll and have been described in great 
deteil in the sdentlflc literature. Several particuiarly common modifications. 
glycosylatkMi. ilpM attachment, sufation. gammarcarboxylatlon of glutamic add 
resWues, hydroxylatlon and ADP-ribosylation, for instance, are descifbed m most 
basks texts, such as, for instance PROTEINS - STRUCTURE AND MOLECULAR 
PROPERTIES, ed.. T. E. Creighton. W. H. Freeman and Company. New York 
(1993). Usnn detaifed reviews are avaHable on this subject, such as, for example, 
those prbvkled by Wold, F., Postbansiattonal Protein Modifications: Perspectives and 
Prospects, pgs. 1 to 12 in POSTTRANSLATIONAL COVALENT MODIFICATION OF 
PROTEINS. B'. C. Johnson, ed., Academic Press, New Yoric (1983); Serfert et al„ 
Meth. Enzyma. 182:626-646 (1990) and ftettan et al.. Pmtein Synthesis: 
P0SUianslaUonalMO(mcaaons and Aging, Ann. N.Y. Acad. Sci. 683: 48-62 (1992). It 
will be appredated. as is well known and as noted above, that polypeptides are not 
always entirely linear. For Instance, polypeptides may be generally as a result of 
posttranslational events. Including natural processing event and events brought 
about by human manipulation which do not occur naturally. Circular, branched and 
branched circular polypeptides may be synthesized by non-translatlonal natural 
process and by entirely synthetic methods, as well. Modifications can occur 
anywhere in polypeptides, Induding the peptide backbone, the amino acid side- 
chains and the amino or carboxyl temilni. In fact, blockage of the amino or carboxyl 
group In a polypeptide, or both, by a covalent modification. Is corhmon In naturally 
occunfng and synthetic polypeptides and such modifications may be present In 
polypeptides of the present Invention, as well. i=br instance, the amino tenninal 
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residue of polypeptides made In £ coff or otter cieBs as defined aliove, prior to 
proteolytic processing, almost Invariably wH bo N-formylm^ionlne. During post- 
tanslaOonal modification of the peptide, a metttionine' residue at the NH2-tenfnbnjs 
may be deleted. AcMrdingiy. ttus invention contemplates the use of both the 
methlonhe-contafning and ttie mettiionineless amino terminal variants of the protein 
of the invention. The modifications that occur in a polypeptide often win be a function 
of how it is made. For polypeptides made by expressing a cloned gene In a host, for 
instance, the nature and extend of ttie modtflcaUons in large part wOl be detemitned 
the host positranslaflonal modlTicafion capadt/ and the modification ^gnals 
present In the polypeptide amino acid sequence. For Instance, as is well known, 
glycosylation often does not occur in bacterial hosts such as, for example, E. ooB. 
Accordingly, when glycosylation is desired, a polypeptide should be expressed in a 
glycosylating host, generally a eukaryotic ceil. Insect cell often cany out the same 
posttretndational giycosyltions as rrmmmalian cells and, for ttils reason, insect cell 
expressfon systems have been developed to express efficiently mammalian protons 
having native patters of glycosylation, Inter alia. Similar considerations apply to other 
modificaffons. It will be appreciated that the same type of modification may be 
present in the same or varying degree at several sites In a given polypeptide. Also, a 
given polypepOde may contain many ^es of modifications. In general, as used 
herein, ttie tenn polypeptide encompasses ail such modiflealbns. particularly those 
that are present in polypeptides synthesized recombinantly by expressing a 
polynucleotide in a host ceii. 

Variant(s) of Q-CSF polypeptides, as the term is used herein, are polypeptides that 
differ ftom a reference polypeptide, respectively. Generetiy, differences are limited so 
that the sequences of the reference and the variant are closely similar overeli and. In 
may regions, identical. A variant and reference polypeptide may differ in amino acid 
sequence by one or more substitutions, additions, deletions, fusions and ^ncations, 
v^lch may be present in any combination. Preferably, said var^($} has/have G- 
CSF activi^ as described supra. 

The temi "Yragment tiiereof when used in the context of Uie present Invention means 
fragments of G-CSF polypeptides having Q-CSF activity. The amino add sequence 
of G-CSF and of corresponding variants Is known in tfie art and published in Nagata 
(1986), Nature 319:415-418. Accordingly, said Q-GSF fragments comprise portions 
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Of 5. 10. 15. 20. 25. 30. 36. 40. 45, 50, 60. 70. 80. 90. 100. 110, 120, 130. 140. 150. 
160 or 170 amino Eu:id residues of the G-CSF protein. Preferably said fragments are 
biologically active fragments, i.e. fragments which have G^^SF acth%. For example, 
said fragments are capable to, e.g., mobiiira muMpotent stem cells, Improve camiac 
funcb'on or reduce mortally after acute myocardial. Particularly prefen«d 6-CSF 
activity can be detemiined by its ability to induce colony fonnalton. as reported in the 
IRerature by Bodlne (1993). Blood 82:445^; Bodine (1994), Blood 84. 1462-91. 
In accordance with tfie present Invention the temi "ph^^^utlcal composition" 
relates to a composition comprising G^SF or fragment thereof. 
Such pharmaceutical oompositfons comprise a Iherapeuticalty effective amount of G- 
CSF or fragment thereof and, optionally, a pharmaceutlcalty acceptable carrier. The 
pharmaceutical composition may be administered with a phy^olo^caity acceptable 
canler to a patient as described her^. In a specific embodiment, the term 
"pharmaceuticaily acceptable" means approved by a regulatory agency or otfier 
gweraRy recognized pharmacopoeia fbr use In animals, and more partteularty In 
humans. The term 'carrier* refdrs to a diluent, adjuvant, exi^ient. or v^iide wIOi 
which the therapeutic Is administered. Such pharmaceutical carriers can be sterile 
Iliads, such c» water and oils. Including tfiose of petroleum, animal, vegetable or 
synthetic origin, such as peanut oil, soybean oH. mineral oil, sesame oil and the Vke. 
Waiter Is a preferr^ eanier when the phannaceutical composition is administered 
intravenously. Saline solutions and aqueoils dextrose and glycerol solutions can also 
be employed as liquid carriers, pardculariy for Injectable solutions. Suitable 
pharmaceutical exdplents fndude starch, glucose, lactose, sucrose, gelatin, malt, 
rice, flour, chalk, silica gel, sodium stearate, glycen>l monostearate, talc, sodium Ion. 
dried sidm milk, glycerol, propylene, glycol, water, elhanol and the like. The 
composition, If desired, can also contoin minor amounts of wetting or emulsifying 
agents, or pH buffering agents. These composifons can take the fonn of solutions, 
suspensions., emulsion, tablets, pills, capsules, powders, sustained-release 
fonnuiations and the like. The composition can be formulated as a suppository, u4th 
traditional binders and carriers such as triglycerides. Oral fomiulation can include 
standard carriers such as phannaceutical grades of mannitol, lactose, starch, - 
magnesium stearate. sodium saccharine, cellulose, magnesium cartionate. etc. 
Bomples of suitable phannaceutical caniers are described In "Remington's 
Phannaceuticai Sciences' by E.W. Martin. Such compositions wHI contain a 
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ttierapeuBcaJIy effective amount of the aforementioned compounds, preferably in 
purified form, together with a suitable amount of canter so as to provide the form tor 
proper admlntetratlon to the patient The formulation shoidd suit the mode of 
administration. 

PiBferabiy» the phamnaoeutlcal composition of the present invention is suitable for 
administiafion to a patient In the context of the present invention the term '^atienf 
means an Individual in need of a treatment of organ defects and/or dysfunction 
caused by ischemia. Preferably, the patient is a vertebrate, even more prefened a 
mammali particutariy preferred a human. 

In another preferred embodiment the composition is fomnulatsd in accordance with 
routine procedures as a phamiaoeutical composition adapted for intravenous 
administration to mammatSi preferably vertebrates and more preferably human 
beings. Typically, compositions for Intravenous administration are solutions in sterile 
isotonic aqueous buffer. Where necessary, the composition may also Include a 
solubliizjng agent and a local anesthetic such as ilgnocalne to ease pain at the site of 
the Injection. Generally, the ingredients are supplied either separately or mixed 
together In unit dosage fonn, for example, as a dry lyophilised powder or water free 
concentrate in a hermetic^ sealed container such as an ampoule or sachette 
indicating tiie quantity of active agent. Where the composition is to be administered 
by infusion, it oui be dispensed wttti an infusion bottie oontelning sterile 
phannaceuticai grade water or saline. Where the composition is administered by 
injection, an ampoule of sterile water for injection or saline can t)e provided so that 
tiie ingredients may be mixed prior to administration. 

The phannaceuticai composition of the invention can be formulated as neutral or salt 
fonns. Phamiaceutically acceptable salts include titose fomned witfi anions such as 
ttiose derived from hydrochioriCi phosphoric, acetic, oxalic, tarteric acids, etc., and 
Uiose fomned witii cations such as tiiose derived from sodium, potassium, 
ammonium, calcium, fenic hydroxides, isopropyiamine, trietiiyiamlne, 2*ethyiamino 
ethanol, histldine, procaine, eto. 

in vitro assays may optionally be employed to help identify optimal dosage ranges. 
Effective doses may be extrapolated from dose-response cun/es derived from In \^o 
or animal model test systems. The precise dose to be employed in the formulation 
will also depend onihe route of administration, and tiie seriousness of the disease or 
disorder should be decided according to ttie judgment of the practitioner and each 
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pafienf 8 drcumslances. Moreover, for ^cample, the following factors concerning the 
precise dose ms^ also be taken Into account patient's size, body surface area. age. 
sex, general heaWi, and other drugs being administered concunren^. 
TTierefore. it Is vyell known in the art that the dosage regimen wPI be detennlned by 
the attending physician and cPhical factors. Proteinaceous phannaceutically acdva 
metier nmy be present In amounts between 1 ng and 10 mg/kg body weight per 
dose; however, doses below or above this exemplary range are envisioned, 
espedally considering the aforementioned fadors. 

Reamed knoum in the art to be capable of mobilizing Increased numbers of bmo' 
manow derived stem cells Into ttie btood circulation are commonly loiown in the art 
For example, S to 15 |ig/kg of body weight of G-CSF for a total of 3 to 5 days in 
generally effective in inducing elevated levels of stem cells 

The dosage reg^en of GCSF which is to be administered to the paOent ranges 
preferably from 0.1 to 100 //g per kg body weight, mora preferably from 1 to 100 pg 
per kg body weight, even more preferably from 1 b) 50 ivg per kg body weight d. s. c. 
over a peifod of at least 1 day. preferably at least 2 days, more preferably at least 3 
days, even more preferably at least 4 days and pailteuiarly prefened at least 5 days. 
However, any other suitable dosage regimen b envisaged which may be detemiined 
as descrlbMl herein. 

The administration of the candidate agents of the present invention can be done in a 
varied of ways, Including, but not limited to, orally, suixutaneously, Intravenously, 
Intranasaliy, Inlrabronchially, transdennally. Intranodalty. intradermally, intrarectally, 
bitraperttoneafly; Intramuscularly, intrapulmonary, Intraocuiariy, vaginally, rectally or 
topically. Where necessary, the composition may also Include a solubillzing agent 
and a local anesthetic such as llgnocaine to ease pain at the site of the injection*. 
Generally, the ingredients are supplied either separately or mbced together in unit 
dosage fonn, for example, as a dry lyophilised powder or water free concentrate in a 
hermeticaiiy sealed container such as an ampoule or sachette indicating the quantity 
of active agent Where tiie composition is to be administered by infusion, it can be 
dispensed with an Infusion boVi& containing sterile pharmaceutical grade water or 
saline. Where the &>mposition Is administered by injection, an ampoule of sterile 
water for injection or ^ine can be provided so tiiat tiie ingredients may be mixed 
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prior to administration 

In a partlculariy preferred embodiment the pharmaceutical composition oomprising 
Q-CSF or fiagment tttereof administered subcutaneous. In another prefened 
embodiment the phannaceutical composition comprissng GrCSF or fragment thereof 
is administered via routes of administration as described supra and infra. 

The temis Ireatmenf and treafingT are used her^ to gen^fai^ mean obtaining a 
desired pharmaceutical and/br (riiysldogtcai effect Prsferab)/, the effect is therapeutic in 
tonne of partialis or ocHnpleteV curirq ischemia. The term ireatmenf as used her«n 
covers any treatment of organ defects andVbr dysfimction caused by isdiemla in a 
mammal, paritouiait/ a vertebrate and more preferably a humani and includes 
regenerating and/br r^iairing <Hgan ortissue d^funcUoa 

The term "ischemisf as used herem relates to a rondition that may occur in any 
organ that is suffering a lack of oxygen euppty and/or supply with metabolites which 
(mjrs when there is an imbalance between oxygen supply and demand, due to 
inadequate perfusion, e.g., caused by atherosclerosis, tisstenoic lesions, anemia, 
stroke or clogged arteries Just to name a few , that leads to insufficient oxygen to 
tissues such as, for exBmple, the heart or brain. However, also medical inten^entions 
such as the intenruption of the blood flow, e.g., during bypass sugary may lead to 
ischemia. Said term also encompasses the two most common types of ischemia; l.e. 
cardiac ischemia and cerebral ischemia. Cardiac ischemia includes a bmad variety, 
of conditions, from silent ischemia to stable or unstable angina to myocardial 
infarction (AMI or "tieart attaciO. Cerebral Ischemia Includes prolonged cerebral 
Ischemic syndromes to completed stroke or cerebral infarction. However, Ischemia is 
not limited to the aforementioned organs or tissues, respectively, since it may occur 
in any organ that is suffering a lack of oxygen supply and/or supply with metabolites. 

The term 'Surgical or interventional procedure^ as used herein relates to a surgical 
and/or inten/entional procedure which is suitable to Improve organ function, to 
improve blood flow in defect o^an tissue and/or to Induce revascularization as 
thrombolysis (eitiier systemic or local via catiieter delivery), ballon angioplasty, 
stenting, coronary,^ carotoid or peripheral bypass surgery, endotherctomy or 
venMcuIo-coronaiy stenting. 
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The present Invention also relates to a method of treating organ dysfunction caused 
by Isdiemia comprising administering a ttie^peuflcaliy effective amount of G-CSF or 
fragment tiiereof to a patient who is subjected to a surgi^ or interventional 
procedure in order to improve organ ftindion, to improve blood flow and/or to induce ^ 
revBsuIarizattsn. 

The temn "administered" means admlnislration of a therapeutically effective dose of 
G-CSF or fragment tiiereof to a patient Prsferably, said ttierapeuticaily e^tlve 
dose of G-CSF or fragment is administered to a patient who Is subjeioted to a surgical 
or Inien/enlional procedure. Particularly preferred said ttierapeuticaily effective dose 
Is administered to a patient suffering from organ dysfunction caused by ischemia. 
By "ttierapeuticaily effective amount" is meant a dose ttiat produces tfie effects lor 
whidi it is administered. The exact dose will depend on tiie purpose of tiie 
treatment, and wU be ascertainable by one skiiled in tiie art using known 
techniques. As is ioiown In tiie art and described above, atQustments for systemic 
vereus localized delivery, age, body weight, general health, sex, diet, time of 
administration, dmg Interaction and the severity of ttie condition may be necessary, 
and will be ascertainable witti routine experimentation by tiiose skilled in tiie art. 
The mettiods are applicable to botii human tiierapy and veterinary applications. The 
compounds described herein having the desired therapeutic activity may be 
admfriistered In a physiologicedly acceptable carrier to a patient, as described herein. 
Depending upon tiie manner oMnlroduclion. the compounds may be formulated In a 
variety of ways as discussed below. The concentiation of tiierapeutlcaliy active 
compound In tfie fbmnulation may vary from about 0.1-100 wl %. The agents maybe 
administered alone or In combination with other treatments. 
The administration of G-CSF or fragment tiiereof can be done in a variety of ways as 
discussed above. 

The attending ph^ldan and dinlcal fectors will detennlne tiie dosage re^'men asa 
descnlied herein. A typical dose can be, for example, In ttie range of 0.001 to 1000 
(ig; and as described supra however, doses below or above tills ocemplary range are 
en^^sloned, e^edai^ considering tiie aforementioned factors. 
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The dodges are praferabljr given once or twice a day for the period of 5 d^, 
however, during progression of the treatment the dosages can be given In much 
longer time interaals and In need can be given in much shorter time intenmis, e.g., 
daily divided into multiple applications. If the regimen Is a continuous Infusion, It 
should also be In the range of 1 pg to 10 mg units per kilogram of body weight per 
minute, respectively. Progresa can be moriitored by periodic assessment It Is also 
envinged that the phannaceutk»l compositions are employed In co-therapy 
approaches. i.e. in co-administration with other medicaments or drugs, for example 
other dnigs for preventing, treating or ameliorating ischemia. It is also preferred that 
the phamnaceuticai composition of the present invention is co-adminlstered with GM- 
CSF (granuloyte macrophage colony stimulating factor), SCF (stem cell factor), lL-3 
(inlBrieuldn-3) and/br IL-6 (lnterleuldn-6) or fragment thereof. This means that G-CSF 
or fragment thereof may be administered In combination with one or more of the 
albfememioned substances. 

The findings of the present invention that G-CSF can be used for the effective 
treatment of ischemia In a patient who is subjected to surgical measure or 
IntenrenCon are even more Intriguing since an NIH clinical research study (02-H- 
0264) in which G-CSF is administered to patients with coronary arteiy disease 
excludes patients who have had myocardial WaroBon within the last two months or 
have acute coronary syndromes, such as crescendo anginas. Moreover, the positive 
effects of G-CSF could not have been expected since G-CSF also has the effect of 
Increasing the number of leucocytes which, concomitantly, leads to leukocyte andAjr 
thrombocyte activation potentially resulting in deterioration of myocattilalfunctloi^, l.e. 
caused by ischemia-reperfusion injury. In dog experiments granulocytes (or 
polymorphonuclear leukocytes, PMN) caused repeifusion ventricular dysfunction in 
Ischemic myocardium (Engeler (1987) Clrc. Res. 61^0-28) and resulted in capUiary 
plugging in myocardial ischemia reperfusion Injury (Engeler (1983) Am. J. Pathol 
111:98-111). Increased expression of neutrophil and monocyte adhesion molecules 
during myocardial Infraction may contribute to their adhesion to endothelium in the 
ischemic tenltory. This adhesion could feasibly precipitate vasoconstriction or add a 
local thromobtic effect due to tissue factor expression secondary to Mac-1 
engagement In addltfon, the manifestation of increased density of LFA-1 and IWac-1 
by acHvalBd leukocytes with monocytes also expressing ICAM-I suggests that 
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leukocytes may torn mH^ggregates that could cause mioovascular plugging. This 
mechanism may facilitate the occurrence of the "^reftov/ phenomenon or slow 
coronary fining after acute myocardial ihf^tfction (Meisel (1998). J. Am. Coil. Caidlol. 
31:120-125). It 18 known In the art that after initiation of G-CSF treatment, an in vh/o 
PMN activation occuned, as demonstrated by the significant increment of surface 
CDllb/CD18 and plasma elastase antigen levels. Moreover, PMN ceHular elasiase 
actMty. wWch was siginiflcantiy Increased at 1 day of treatment, returned to baseline 
at day 5 to 6, in conespondence with the elastase antigen peak In the circulation. 
This change Is accompanied by a parallel significant endotheliai and coagulation 
acth^tion (Falanga (1999) Blood 932506-2514). However, addWonai endothelial 
activation and thrombus fonnation shoukJ be avoUed in patients suffering from 
myocardial Infarction. However, blood dotting should be avoided In patients suffering 
from myocardial fnfarctton. TThis, the benefits arising from the present Invention 
could not have been expected 

in a preferred embodiment of the Inventton the pharmaceutteal composition of the 
present Invention or the effective amount G^CSF.or fragment thereof Is io be 
administered before said surgical or Inten/entional procedure. 
The terni "before said surgical or Interventional measure" when used In the context of 
the present Inventton means that the phanrjaceulical composition comprising Q-CSF 
or fragment thereof Is to be administered before one day. preferably two days, more 
preferably three days arid even more preferably four days of said surgical or 
fnterventlonal measure, for example, to prevent ischemic disease as described 
herein. Particulariy prefen-ed, it is to be administered before 5 days. 

In another further preferred embodiment of the Invention the pharmaceutical 
composition of the present invention or the effective amount of Q-CSF or fragment 
thereof is to be administered during said surgical or Interventional procedure. 
The terni "during said surgical or interventional measure' when used in the context of 
the present Invention means that the phannaceuticai composition comprising G-CSF 
or fragment thereof Is to be administered during a surgical or inten/entional 
procedure. 

In an also prefened embodiment of the invention the phannaceub'cal composition 'of 
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the present Invention or the effective amount of G-CSF or fragment thereof 18 to be 
administered after said surgical or Interventional procedure. 
The temn lafler said surgical or Interventional measurer when used In the context of 
the present Invention means that flie pharmaceutical composition comprising G^SF 
or fragment thereof Is to be administered preferably Immediately after said suigical or 
Intementional measure. Particyiarly preferred, it Is to be administered after at least 1 
hour, preferably after at least 6 hours and even more preferably after at least 12 
hours. 

in a parti^lar prefenred embodiment of the present invention tiie phannaceutical 
composition of tiie present Invention or ttie effective amount of G-CSF or fragment 
tiiereof is to be administered preferably between 1 hour and 10 days, mora 
preferably between 1 hour and 7 days, even more preferably between 1 hour and 5 
days and partlculaify prefenred between 2 hours and 5 days after said surgical or 
Intenentional procedure. As it Is demonstrated In tfie appended Examples 
administration of a G-CSF after, for example, infiaiction has great beneficial effects to 
patients. 

PrefBiabiy, the ischemia treated with the phannaceutical composition or G-CSF 
fragment thereof of the present invention is selected from the group consisting of 
myocardial ischemia, cerebral ischemia, renal Eschemla. liver Ischemia, peripheral 
muscle tissue Ischemia, retinal ischemia and spinal cord ischemia. As described 
supra, ischemia rhay occur in any oigan suffertng from a lack of oxygen and/or 
metabolites for a prolonged time which results In organic defects. The temi "organ 
defecf as used herein relates to dysfunctional myocardium, brain, kidney. liver, 
peripheral muscle, retina or spinal cord defects. Said organ defects are causedby 
»»>yocanlIal ischemia. e.g., due to hypertension, coronary artery disease (CAD), 
myocardial ftif&nitfon, thrombo-embollc events, trauma and/or surgfcal procedures: 
cerebral ischemia, e.g., due to trauma, stroke, ttirombo-embolte events, malfonnation 
of blood-supplying vessels, multi-lnfarot disease, cerebral hemorhage, surgfcal 
andfor interventional measures; renal ischemia. e.g., due to tfirombo^mbolte events, 
atiierosclerosis, maMbmiation of blood-supplying vessels, trauma and/or surgical 
procedures: Hver Ischemia, e.g.. due thrombo^mbonc events, malfomiation of blood- 
supplylng vessels, trtauma and/or surgical procedures; peripheral muscle tissue 
Ischemia. e.g.. Is caused by thrombo-embollc events, atherosclerosis, malfomiation 
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of blood-supplying vessels, trauma and/br suiglcal procedures; retinal Ischemia, e.g.. 
is caused by thrombo-embolic events, maJformaflon of blood-^upplylng vessels, 
trauma and/br sur^ procedures; and spinal cord isdtemla. e.g.. is caused by 
thromboembolic events, atherosclerosis, malformation of blood-supplying vessels, 
trauma and/br surreal proMdures. 

it is particularly preferred that the myooanfial isdiemia whidi b treated with the 
phamnaoeutical composition or effecUVe amount of QtCSF or fragment thereof of the 
preser^ invention Is caused hypertension, coronary artery disease (CAD), myocan&d 
infarction, thrambo-embolio events, trauma and/or surgical (Mocedurss. 

It Is also particularV prefened that the cerebral ischemia which Is treated with the 
pharmaceutical corrqiositlon or eRecUve amoinrt of &CSF or fragment thereof of the 
present ihvenion is caused trauma, stroke, tttrondKHembdic events. malfbmnaKon of 
blood-eupplying vessels, muW-inlarct disease, cerebral hemorhage, surgical and/or 
friterventfoHial measures. 

In siai another embodiment it is partlcuiarfy prefened that the renal Ischemia v\^ich Is 
treated with the pharmaceutical oomposifon or effective amount of G-CSF or fragment 
thereof of the present invention Is caused by thromboemboDc events, atherosclerosis, 
maHbmiatlon of bkKxhsupplying vessels, trauma and/br surgical procedures. 

In a furttiermore partlculariy preferred emtiodiment It Is envisaged that fte liver 
ischemia or retinal techemla whic^ Is treated wSh the phamnaoeutical composition or 
©tecfive amount of G-CSF or fragment thereof of flie present invention Is caused by 
thrombo-embolic evente, matfbnmalion of biood-supplying v^els, trauma and/br 
surgical procedures. 

A stall partlcularty preferred aspect of the present Invention is that the peripheral 
muscle tissue Ischemia or spinal cord ischemia which is treated with the phamiaceutlcal 
composion or method of treatment of ttie present invention Is caused by thrombio- 
emboRc events, atherosderosis, malfbnnatlon of blood-suppling vessels, trauma and/or 
surglral procedures. ^ 
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In an even moiB particularly preferred embodlinent the Ischemia vA\\oh {$ treated with 
the pharmaeeulicai composition or effective amount of G-CSF or fragment thereof of 
the present invention causes organ defects. . 

It is also prefened that the surgical or inten«nfional procedure of the present Invention to 
which a patient is 8ub|ected to is a procedure to improve organ function, to improve 
Wood flow and^ to Induce resvascularfzation selected from the group consisting of 
thrombolysis, ballon angioplasly, slenting, coronary or peripheral bypass surgeiy and 
ventrlcuio«oronary stenting. These tedinlques are commonly Icnown in the art to the 
person sklled&i the art 

IWoreover, It is preferred ttiat the phamiaceuflcal compo^on of the present Invenfion 
comprising G-CSF or fragment thereof Is capable of recmltlng stem and/or progenitor 
cells. 

• The lemfi "recmiting stem and/or progenitor ceils" as used herein refers to the ability 
to attract stem and/or progenitor cells from, e.g. the bone marrow towards the 
damaged organ and/or tissue. Without being bound by theory, It is assumed that also 
SDF-1 1$ required to Induce stem cell homing to Injured tissue. e.g.. myocardium. 
Stem cells may bind SDF-1 via their CXCR4 receptor (Petit (2002) Nat. Immunol. 
687-694). Preferably, said stem and/or progenitor cells are selected from the group 
consisting of CD34(+), multlpotent adult progenitor cells (MAPC). endothelial 
progenitor cells (EPC). side population cells (SP) and fineage-negative stem cells. 
The stem cells and/or progenitor cells are characterized by using FACS analy^ as 
descn'bed In the appended Examples. 

More preferably, said multipotent adult progenitor cells are C034(-). vascular 
endothelial cadherln(-) and AC133(+) and Fllcl(+) and said endothelial progenitor 
ceils are preferably CD34(+). CD31(+) and KDR(+). Said ceils of the side population 
are preferably CD34(-)/ low, c-Kit(+) or Soa-1(+) and said nneage-negatl\/8 stem cells 
are CD5(-), CD19(-).CD34(-), c.Krt(+) and Sca-1(+). The characterization of stem 
and/or progenitor cells Is shown In tfie appended Bcamples Infia. 
The Indication "(+)- and "(-)" refer to results obtained by flow cytometry (FACS) 
analysis. (4.) or tjosffive" means that a defined protein, such as CD34. CD31. etc. is 
expresKd on the surface of an analyzed cell, such as a stem cell or progenitor cell. 
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etc. (-) or "hegative" means that a defined protein, such as CD34, CD31 etc is not 
expressed on the surface of an analyzed ceil, such as a stem ceo or a progenitor 
ceil, etc 

Thus, it was surprisingly found that besides hematopoetic stem ceils, G-CSF resuite 
In mobirization of other populations of stem cells with a potentfal of myocardial and/br 
endothelial repair and regeneration. 

in a more preferred embocSment said stem and^or pro^nltor cells home to organs 
which harbour defects ^ue to ischemia. Preferably/said stem and/or progenitor cells 
are capable of repairfr^ or regenerafing said organs. 
TTie torm 'ftomlngr as used'hereln refers to the stem and/br progenitor cells' Icmate 
abHiV te travel preferaMy to the right place In the body. Preferably, said stem and/or 
progenitor cells travel to sites where organ defects/dysfunction caused by isdiemia 
have talran/taice place. 

The tenns "rejoMn^ and 'regeneratinsf ^ used herein relates to restore at least 
partially the tanner conditions of the defect organ tissue. 

The Rgures show: 

Figure 1: This figure illustrates the design of Q-CSF in 8TEMI trial. G-CSF: 
granulo^ colony-stimuiating tector. STEMI: ST se^ent elevation 
myocardial Infarction. PTCA: percutaneous transiuminai coronary 
angioplasty, sjd^ subcutaneousiy, IMRI: magnetic resonance imaging, 
TTE: transthoradc echocardiography, AE: Adverse evenL, Lab.: 
Laboratoiy investigation. 

Figure 2; This figure describes the Inclusion criteria of G-CSF in STEMI trial. 
Ml: myocardial infarctton. EGG: electrocardiography. 

Figured: This figure sham adverse events occurred during study period (18 

patients enrolled). AE: adverse event *: patient was unbllnded and • 
identified to receive G'CSF; §: patient was unbllnded and identified to 
receivd placebo. 



24 

Figure 4: This figure shows liver enzymes durtng OCSF or placebo treatment 

GammaGT: Gamma-Glularyl-Transfflrase. GOT: Giuiamat-Qxalat 
transaminase. U/U unit per Bter. 

Figure 5: This figure Dlustrates mobilization of hematopoetic stem cells (CD34+) 
during G-C8F and placebo treatment. 

Figure 6: This figure illustrates mobilization of other stem ceil populations during 
Q-CSF and placebo treatment 

A: Comparison of endotheilaJ progenitor cells (EPC, CD34*ycD31+) In 

different treatment groups at day 0 and day 5 after therapy 

(C034+/CD31+) of total whIlB blood count (WBC). 

B: EPC population in placebo patient at day 5. 

C: Comparison of percentage of different stem cell popuIaUons fm 

relation to total white blood count) after stem cell mobilization using G- 

CSFaldayS. 

D^: Different stem cell populations such as EPC (D), c-klt+ with or 
without expression of CD34+ (E), MAPC (F). and side population (G) 
before Oeft) and at day 5 of treatment with G-CSF (right). 

Figure 7: This figure illustretes the comparison of global left-ventricular function 
parameters after G-CSF vs. placebo treatment 3 months after 
myocardial Infarction assessed by magnetic resonance imaging. 
A; Left-ventricular ejection fraction (LVEF), B: EnddiastoBc 
ventricular volume (LVEDV). Statistical analysis by analysis of variance 
(ANOVA). SEM: standard error of the mean. 

Rgure 8: This figure shows the comparison extent of myocardial damage at 3 
months assessed by magnetic resonance Imaging. 
A: number of Infarcted myocanjial segments B: Improved myocardiai 
segments during either G-CSF and placebo treatment 3 months after 
myocardial Infarction. Statistical analysis by analysis of variance 
(ANOvA). SEM: standard error of the mean. 
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Rguie 9: This figure illustrates ttie comparison (rf regional wall motion in 
^gments mainly affected by myocardial inftvctlon assessed by 
magneBc resonance imaging. 

A: Ventricular wall thickening of the infarct area In mm. B: Ventricular 
wall thickening of the in^ area In pen^nt during either G-CSF and 
placelio treatment 3 months after myocardial infarction. Statistical 
analysis t>y analysis of variance (ANOVA). SEM: standard enor of the 
mean. 

Hgure 10: This figure shows the comparison of regional wall motton In segments 
not affected by myocarcfial intivt^on assessed by magnetic resonance 
Imaging. 

A: Ventricular wall thickening of the romote area in mm. a- Ventricular 
wall VnkMBtWng of the remote area in percent during efther G-CSF and 
placebo treatment 3 months after myocardial infarction. Statistical 
analysis by analysis of variance (ANOVA). SEM: standard enor of the 
mean. 

This figure illustrates the comparison of global ventricular function 
parameters between both treatment groups assessed by magnetic 
resonance imaging at baseline and 3 months after myocardial 
infarction. 

A: Enddlastolic left-ventricular volume (LVEDV). B: Left-ventricuiar 
ejection fraction (LVEF), 1 3 months after myocatdial infarction. C: Left- 
ventricular mass. Statistical analysis by analysis of variance (ANOVA). 
SEMi standard enor of the mean. 

Figure. 12: This figure $hov\» the comparison of reglnal ventricular function 

parameters between both treatment groups assessed by magnetic 
resonance imaging at baseline and 3 months after rnyoeaidial 
infarction. 

A: IVIyocardia] segments mainly affected from myocardial infarction. B: 
Ventriclilar wall thictenlng of the Infarct area in mm., 1 3 months after 
myocardial infaictlon. C: beitt Ventricular wail thickening of the remote 



Rgurell: 
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area in mm. statistical analysis by analysis of variance (ANOVA). SEM: 
standard etror of the mean. 

Rgure 13: This figuie shows the comparison of survival in mice with experimental 
myocardial infarction receiving either G-CSF after infarction or sham 
- procedure. 

The Examples illustrate the invention: 
Example 1: Design of the dinlcal study 

t' 

The primary objective of this study Is to assess myocardial regeneration by 
peripheral blood stem cells mobilized Q-CSF, as measured by change of 
myocardial thickness, regional myocardial function and global cardiac function from 
baseline over 12 weeks of foliow-up using cardiac magnetic resonance tomography 
(MRI). In addition, the extent of non-viable myocardium will be monitored from 
baseline up to 12 weeks. Analysis of cardiac function conslste of evaluation of end- 
^astollc myocardlaT thickness, segmental systolic wall thickening, end-dlastollo 
volume (EOV), end^toilc volume, stroke volume, ejection fraction (Ei=) and cardiac 
ou^ut 

Secondary endpoints comprised changes from baseline In the following parametere 
over 12 weeks of follow-up between treatment groups: occunence of major adverse 
cardiac events (death, myocardial infarction, CABQ, or re-intervention), reported 
spontaneously reported adverse events (AEs), hematological changes (leukocyte., 
erythrocyte and platelet counts), number and characterization of mobilized stem 
cells. 

Accordingly, this Phase I, single center, randomized, controlled efflcacy and safety 
study compares the effects of a 5 day treatment of G-CSF administered 8.0; in 
patients \nm acute ST segment elevation myocardial Infarction of more than 6 hours 
and less than 7 days duration since inffiai symptoms who are candidates for 
percutaneous coronary revascularization procedure. The &udy consisted of a 
Revasoufarizab'on Period (angioplasty of the infarcted vessel), a Treatment Peritid 
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(up to e days), and a Fbllow-up Period (12 weeks). The Bevasculaimon Period 
started with the treatment of the patient In the emergency room, administering 
aspirin, heparin, betabtockers. and nitraies as appropriate and not done by the 
transferring emergency physldan. As soon as possible the patient wHI be transfened 
to the catheterization laboratory where acute angioplasty and slenting of the 
Infarctsd artery was perfbnned. Alter stent plaoement, the patient was treated with 
dopldogreL If appropriate, the patient wHI be treated wHh glycoprotein llbfllla 
antagonists. After evaluating patient* s ellglbnity to enter the study patients were 
randomized for the control or G-CSF treatment group. Rrst 4 patients received G- 
CSF (RIgrastIm, Amgen (SmbH, Munich, Gennany) at a dose of 10;fg/kg body 
weight/day 8.a divided Into 2 applications to Inve^gale safety and adverse reactlone 
In patients suffering from myocardial Infarcfion. The foltowlng patients were 
randdmiTed to receive either G-CSF or placebo. FbBowHip assessment wlll be 
performed in all patients at week 4 and week 12. The overan schedule of time and 
events Is shown In Figure 1. Induston and exclusion criteria, fbllowHip examinations 
are documented In the attached study protocol The study was approved by the 
university's ethics committee and all patients undersigned a written Infonned 
consent 

Example 2: Safety of administration of G-CSF 

Study design and Inclusion criteria are shown in Fig. 1 and 2. A pilot phase from 
December 2002 to February 2003 was achieved to lest safety of G-CSF induced 
stem cell mobilization in patients suffering from acute myocardial Infarction. Within 
this pilot phase 4 male patients (mean age 62±13 years received G-CSF 
(Neupogen®) 10 //g/kg/d s.c. over 5 days. All patients suffered from extensive 
myocardial Infarction (CK max around 2000 lU/L) that was treated using primary PCI 
a mean of 12 hours after onset of infarction. Coronary Intenrention (stent) was 
successful achieved In all patients. White blood count Increased from 1l±3 G/L to 
50±25 GA. and number of mobHlzed hematopoetic stem cells (CD34+) Increased to 
S4t24//rf. (20(dld Increase). Renal and liver function tests were unchanged between 
both therapy groups. No serious adverse events such as myocanlial (re)Infarction, 
coronary syndrome^or death or coronary artery bypass grafting were observed (see 
Fig. 3). After ^ovring safety of the treatment using G-CSF, the randomization period 
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Started in li^atoh 2003. Since March 2003, another 14 patients ware enrolled In the 
study (12 male, 2 female). Mean time from onset of infarction to primary coronary 
intervention (PCI) was 30 hours. Myocardial damage was severe (mean CK max. 
3500 lU/L). In ali patiems a coronary intervention with stent placement was possible 
and successful. Adverse events occuned were the following: moderate to severe 
bone and musde pain In one patient during application of the study dmg (unbonded: 
G-CSF), the AE resolved after tennination of the study dwg. The AE was coincident 
with a concommittant commonH»Id of the patient One patient suffered fmm in stent 
restenosis and could be treated using ballon angioplasty. One female patient 
developed a hemodynamicaily non-relevant peifcanllBl effusion that disappeared 
compleleiy after temtinaHon of the study drug. One patient of control group had 
elevated C-reaclive protein of unknown origin which resolved completely after 
administration of steroids. Another patient of the Q-CSF group presented anemia 
and stool abnonnaOtles during outpatient fbilowup examination. The diagnosis was a 
formerly undiagnosed colon carcinoma, patient was treated with combined chemo- 
and radiation therapy. 



Example 3: Magnetic resonance imaging 

The MRI examinations were canied out on a 1.5 T whole body scanner (IWagnetom 
Symphony. Siemens Medical Systems, Eriangen. Qemiany) equipped with state-of- 
the art cardiac software and dedicated array ooH systems for signal optimization. The 
functional examination is based on a shared segmented CINE TrueFISP technique 
wHh a temporal resolution of <40ms and a spatial resolution of 1.2mm at a slice 
thickness of 5-7mm. Functional examinations were performed accoiding to the 
tWtowing scheme: Based on adiustment to the patients Individual cardiac axis data 
sets were acquired along the cardiac long axis (vertical long axis), the four chamber 
view (horizontal long axis) and a stack of views along the short axis. To identify 
myocardial segments the myocardial circumference were divided Into 6 segments 
within the short axis view using the anterior Junction of the right ventricle as a 
reference. For assessing regional wall motion a IS^segment model was used. The 
cardiac volumes and the regional functional parametere were assessed using a 
dedicated canJiac post^processlng software. This software aflows a semi^mated 
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s^entatton of ttie endo- and epicardlal border. To calculate EDV and ESV flie 
stadc of short axis imageis will be segmented at endnflastole and end-^stoie and the 
volume computaSon performed using tte Simpsons* rule. The d rived pammeters 
SV, EF and cardiao output (CO) ware calculated as fbnows: SVsEDV-ESV; 
Ef^DV-E8V}/EDV; CQsSV x heart rats. To assess reglonai systolic myocardial 
thldcenlng the difference betwaen the endsiiastolic and end-^/stofo thickness were 
calculated ori a segmental base as absolute and ralativa values. 
The myocardial viability was assessed using Tlw contrast enhanced MRI using the 
late enhancemenf teiAnique. Strong Tlw techniques will be applied along the 
intrhsic cardiac axes as described prsviousiy (cardiao funcHon). For data ^pling 
an inversion recovery TurboFLASH or TrueRSP technique were be used a 
spaflal rssplution of 1-2mm and a slice thidmess of 5:7 mm. To differentiate viable 
and non-visd}ie rnyocardium the data acquisition follows the injection of gadolinium 
chelates 0\/lultihance. Bracco Byi( Gulden. Kon8tan2, Qennany). A minimum delay of 
10 min was necessary between ttie fast contrast irijectlon and the data acquisition. 
The volume of non-viable myocardium will be assessed by tracing enhanced 
myocardial areas In ail consecutive short axis Images, summed up and multiplied 
with the dnge slice ttiidcness. 

MR data were analyzed by two independent experienced radiologists who were 
unaware of the therapeutic regime. 

In summary, using MRI, 8 patients (G-CSF n^S, placebo ns>Q) who completed the 
follow up could be analyzed. Global myocardial function was unchanged in both 
treatment groups after 3 months (LV-e|ection fraction, Placebo: 44.8±1.3% vs. G- 
CSF: 44.1 ±5.8%, psO.926), ventricular volumes were moderately enlarged but did 
not differ In both groups (LVEDV, Placebo: 171±11 ml vs. G-CSF: 17e±26 ml, 
p=0.940 Fig. 7). The number of in^ed myocardial segments improved at 3 months 
was increased (Placebo 1*1 vs. G-CSF 2.8±0.9, p=0.085, Rg. 8). The regional wall 
thickening of the main infarct area was significantly improved In patients receiving G- 
CSF treatment (Placebo: 0.33*0.47 mm vs. G-CSF: 3.340.64 mm, p=0.019, Rg. 9). 
Improvement of regional wall motion was nearly 60% of normal myocardium during 
systole in oomparison to placebo treated patients, Rg. 9 andIO). 

Thus, In conclusion, stem ceil mobilization using G-CSF in patients suffering from 
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myocardial Infan^on Is feasible and safe. Adverse evento are rare. 

Moreover, the regional myocareJial function is significantly Improved In Q-CSF treated 
patients in the long temi. 

Example 4: Mobilization of different stem cell populations analysed by flow 
Q^metry 

Immunophenotyping was performed with the Ibllowing monoclonal antibodies 
coriiugated vvHh fluorescein Isothiocyanate (FITC), phycoerythrin (PE), or 
phyooerythrln cyanlne 5 (P&CyS): CD14, CD34, CD46, CD117, CD133, (BD 
PhaiMIngen/ Coulter Immunotech, Hamburg, Germany). A volume of 100 /iL of 
peripherai blood vi^ incubated for 10 minutes In the dark with specific dbectly 
coriiugated antibodies antibodies. After adding PeliLyse (Hiss Diagnostics GmbH. 
, Freiburg, Gemnany) for 10 minutes, cells were vvashed In PBS and pj% sodium 
azide, centrifuged and lesuspended in 200 //L PBS for FACS-analysls. Row 
cytometric analysis was perfbmied with a BD FACScan flow cylometer (Becton 
Dickinson. Heidelberg, Gennany). Each analysis Included 100 000 events. Stem ceil 
populations were defined as the fblkiwing: (1) multipotent adult progenitor cells 
(MAPC): CD34{-). A0133(+), Flkl(+) (Reyes (2002) J Oin Invest 109:337-346). (2) 
endothenai progenitor cells (EPC): CD34 (+), CD31 (+) (Asahara (1997) Science. 
275:964-967). (3) cells of the so-called skto populaOon (SP): CD34 (-)/Iow, o-KIt (+), 
Sca-I (+) which also express BCRP-I. (4) soHcalied lineage-negative stem ceOs have 
the fallowing markers CD95 (-), CD19 (-),CD34 (.),o-Klt (+). Sca-1 (+). 
Using Q-CSF, a variety of d»^rent stem cell populations other than CD34f were 
mobiBzsd. These progenitor cell populations consisted of EPC, MAPC. SP ceils and 
lineage-negative o4(it-f ceUs (see Rgure 6 A-G). 

Surprisingly we fbund that stem cell populations having potential of repairing 
myocardial tissue are mobilized using Q-CSF treatment 

Examples: Animal model of myocardial infarction 

Immunocompetent mice (n=14) were operated using standard techniques 
(anaesthesia, ventilation, thoracotomy). After Hgatlon of the left anterior descending 
artery, animals received either G-CSF 50;/gflcg via intraperitoneal injection over 5 
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days (ns4) or sham procedure (naiO) (see Rgure 13). 

It was surprisingly found that In mice, G-CSF when administered after expertmenlal 
myocardial infarctton, survival of animals was Improved. 

Examples: Statistical analysis 

Results are expressed in meansdrSE. One fadorial ANOVA was chosen for analysis 
of normal distributed parameters. Non-parametrical tests Included Krusical-Wains 
test, or fHsher's exact test where appropriate. A level of p<0.05 was taken to indicate 
statistical significance (SPSS release 11.0.1, SPSS ln&, Chicago, IL). 
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Claims 

1. Use of G-C^ or fragment thereof for the preparadon of a i^iamiaceutical 
oomposifon for the treatment of organ dysfunction caused Isdiemla. 
wheretv the pharmaceufical composWon is to be admlrdstered to a patient 
who is subje^d to a surgical or Interventional procedure In order to biqirove 
organ function, to improve btood flow and/or to indite revascularimtion. 

2. A method of treating organ dysfuncUon caused by ischemia comprising 
administering an effective amount of G-CSF or fragment thereof to a patient 
who is subject to a surgical or Inten/entional procedure in order to improve 
organ function, to improve blood flow and/or to Induce revascularization. 

3. The use of clairn 1 or tiie method of claim 2, wherein said phamnaceutical 
composition or said effective amount of QOSF or fragment tfiereof is to be 
administered before said surgical or inten/entional procedure. 

4. The use of dalm 1 or the method of claim 2, wherein said phamiaceutical 
composition or said effective amount of GOSF or fragment thereof is to be 
administered during said surgical or interventionai procedure. 

5. The use of daim 1 or the method of claim 2, wherein s^d phamnaceutical 
composition or said effective amount of G-CSF or fragment thereof is to be 
administered after said surgical or inten^entional procedure. 

6. The use or the method of dadm 5, wherein said phamnaceuflcai composition or 
said effective amount of G-CSF or fragment thereof is to be administered 
between 2 hours and 5 days after said surgical or Inten/entional procedure. 

7. The use or the method of any one of claims 1 to 6i virtierein said ischemia Is 
selected from the group consisting of myocardial ischemlai cerebral Ischemia, 
renal ischemia, liver ischemlai peripheral musde tissue Ischemia, retinal 
Ischemia and spinal cord ischemia. 
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8. The use or the meOiod of dalm 7, wherebi said myo(^vdial ischemia is caused 
by hypertension, coronaiy aiteiy disease (CAD), myocaidiai infaretion, 
thrombo*en)bono events, trauma and/or surgicai prroedures. 

9. The use or the method of claim 7,. wherein said eeiebral Ischemia is caused 
by trauma, stroke, throrni>o«embolio events, maifonnatlon of blood-supplying 
vessels, mul^farct disease, cerebral hemoriiage, suigical and/br 
interventional measures. 

10. T?ie use or the method of daim 7, wherein said renal ischemia Is caused by 
thrombo-embolic evente. atherosclerosis, malformation of Uood-supplying 
vessels, trauma and/br surgical procedures 

11. The use or the method of claim 7, wherein said Rver Ischemia is caused by 
thrombo-emboKe events, malfomnafion of biood^wpplying vessels, tauma 
and/br surgical procedures. 

12. The use or the method of dalm 7. wherein ^d peripheral musde tissue 
isdiemla Is caused by thrombo^boOc events, atherosclerosis, maifomiation 
<fi blood-supplying vessels, trauma and/br su^cal procedures. 

13. The use or the method of daim 7, wherein said retinal Ischemia is caused by 
thrombo<«mbolte events, malformation of blood-supplying vessels, trauma 
and/or sui^icai procedures. 

14. The use or the metfuxi of daim 7, wherein said spinal cord Ischemia Is caused 
by thrombo-enAiolic events, atherosderosis, malfonmation of blood-supplying 
vessels, trauma and/or surgical procedures. 

15. The use or the method of any one claims 1 or 7 to 14, wherein said ischemia 
causes organ defeds. 

16. The use or the method of any one of dalms 1 to 6, wherein said surgical or 
interventional procedure is a procedure to regain blood flow selected from the 
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group consisting of thrombolysis, ballon angioplasty, 8tenting,.coronaiy or 
peripheral bypass surgery and ventricuto^ronaiy stentlng. 

17. The use or the method of any one of claims 1 to 16, wherein said 
phannaceutical composition or said effective amount of G-CSF or fragment 
thereof is capable of recruiting stem and/or progenitor cells. 

18. The use or the method of claim 1 7, wherein said stem cells are selected from 
the group consisting of CD34(+). muMpotent adult progenitor cells (MAPC), 
endothelial progenitor cells (EPC), side population cells (SP) and liheage- 
negative stem cells. 

19. The use or the method of claim 18. wherein said multlpotent adult progenitor 
ceRs am Cd34{-), vascular endothenal cadherln(-) and AC133(+) and Flk1(+). 

20. The use or the method of claim 18, wherein said endothelial progenitor cells '■ 
are CD34(+), CD31(+) and KDR(+). 

21 . The use or the method of daim 1 8. wherein said cells of the side population 
are CD34(-)/ low, c-Kft(+) or Sca-1 (+). 

22. The use or the method of claim 18, wherein said lineage-negative stem ceils 
are CI35(-). CD19{-),CD34<-), c.Klt(+) and Sca-1(+). 

23. The use or the method of any one of dalm 17 to 22, wherein said ceils home 
to organs which harbour defects due to ischemia. 

24. The use or the method of claim 23. wherein said cells are capable of repairing 
and/or regenerating said oigans. 
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Abstract 

The present invention relates to uses of granulocyte colony stimulating factor (G- 
CSF) or ftagment thereof for the preparation of a pharmaceutical composition for 
treating organ (dysfunction caused Ischemia, whereby the phannaceutfcal 
oomposllton Is to be administered to a patient who Is subjected to a surgical or 
Intervemlonal procedure In onler to Improve organ function, to improve organ 
function, to Improve blood flow andtor to Induce revascularization. 
Furthermore, the present invention relates to methods of treating organ dysfunction 
caused by Ischemia comprising administering a therapeuticaliy effective amount of 
G^F or fragment thereof to a patient who Is subjected to a surgical or 
interventional procedure In order to improve organ function, to improve organ 
function, to improve blood flow and^or to Induce revascuRzaiion. 
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STEMI>6h,<7(l 



PTCA/Stenfing 
•^/-GPIIb/lllaantagoniBt 



Baseline exams: MRI, TIE, Lab.. Clinical examinatioa. AE 



4 week F/U: MRI, TIE, Lab.. Clihical e}(amInafion.. AE 



12 week F/U : MRI, TTE, Lab., (^Ical examination.. AE 




QiCSF group 
n=20 

10iisA(9/d 8.0. for 6 days 



Placebo group 
nB20 

Placebo s.c. for S days 
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Pig. 2: 



Ineluden eilteria 



(1) Be at least 1 8 years old. male or female 

(2) Have anits ST segment elevafion myocardial Inferdion (Ml, typical chest pain of 

moie ttian 30 minutes duration, vnth ST segment elevation of equal to or more 
than 0.1 mV in tvio or mote leads and creatinin kinase elevation of mora Itian 
twice of upper wmA level accompanied tiy a signfficant elevation of (^>MB 
is(«nzyme or Troponin VT) 

(3) Have an akinesia of at least one myocardial s^ment (16 segment model of itie 

American Sodeiy of Ediocardiography) demonstrated wHti transthoracic 
edwcardl(%paphy within 24 hours after admis^. 

(4) Onset of Ml t)efere 6 and more hours and less than 7 days 

(5) Patients who are suitable for ooranary angiography and angroplas^ with or wiltout 

stenft^ of tie infarct related artery. 

{6) Have no contralndicaHon against EGG triggered magnetic resonance (mapig (l.e. 
claustrophobia, pennanent atrial fibrillation) and adeno^n stress testing (Le. 
significant pulmonary obstrucfon) 

(7) Give a written Infonned consent 

(8) Have the abrify to understand the requirements of the study, and agree and be 

able to return for the required assessmer^ 
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Adverse events ccumd during sfudy period (18 patiente nioR d) 



Adveree event (AE) Numberofali 



^^^Tf^^^^^^^^^^^^'^'^'^^ 0/18 
CABG/aote coronaiy ^ndrome) 



slightmoderatB Qy^g 

severe* ^,,3 

Blood preesureliaH ^^^^ 

in-slentresiBnosb ^^^^ 

Spontaneously fBported^sentedAEs: 

Transient pericardial effusion (probably infarct associated^ i / la 

CRPelewaflon(unlcnowncause)§ 1.11 
Coion carcinoma* 
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. Uver enzymes during G4»F and pbc b lieatoient 




GOT day 0 GOT.-dayS GOT day 30 
Q Days after treatment initiation 
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MobHftation f h matopostie stem cells (CD34*) 
during O-CSP and placebQ treatment 
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Fig. 6: ^f/j^ DOCIQBT NO.: 028622-0124 

Mobilizafl n f thar stem cell p luiaiions during G-CSF and placebo treatment 
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Uobilization f Iher stem cell p lulations during G^SF and plaeebo treatment 
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7: C mparis nofgi ball ft-v8ntricuIarfUnetlon(LVEF)andefen(lcna8tolie 
left«veirtricular volum (LVEDV) in infarct patients after 0-CSF vs. placebo 
b«abnent3ni nths after my cardial Inferetion 
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8: C roparison f number finfareted my cardial segments (A) and improved 
myocardial segmente during either G-CSF and plac botreatm nt(B) 
3 months after myocardial infarction. 




Titte: USES AND METHODS 
FOR TREATING ISCHEMIA 
IiiventOF(s): Wolfgang-Michael 

FRANZ, etal. 
DOCKET NO.: 028622-0124 



.9: C mparison f myocardial segments mainly affected 

by myocardial tnfeicfi n (A: absolute In mm, B: percent changes) 
at 3 months (MRI) 
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*ANOVA 



Placebo 
meani^EM 0.331047 
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*ANOVA 
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mean^EM AJBi£A% 44bl1% 
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10: c mparison f myocardial remote aieasn t affected 
bylnftirett n (A: absolute in 
at3inontli$(MRI) 




Fig. 11: 
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Comparbon fleftv ntricularondcHastoltev Iume(A), Jedi nftaefionO) 
and I ft veniricular mass (C) in Irath treatment grou^ 
and 3 niontha* 
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Fig. 12: CompariMnofinfaretedmyeeaidials gn»nts(A),area<rflriforcitfotrtBf 
and nemota am (C) not affedad by bifBrdien In b th teatoient groups 
at basaline and 3 months. 

!^ Myoeardlal segments affected firommyoeanllal infarction 
G-CSF Placebo 
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Rg.ia: C mparfeon f mortality of mic in «q)erimanlal my eardiallnfeicti n 
astaiilistiedbykADIIgafI n:G-CSFv8.Sliampioeediire 
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